Mutation and evolution of the magnesium-binding site of a class II aminoacyl-tRNA synthetase.
Aminoacyl-tRNA synthetases contain one or three Mg(2+) ions in their catalytic sites. In addition to their role in ATP binding, these ions are presumed to play a role in catalysis by increasing the electropositivity of the alpha-phosphate and stabilizing the pentavalent transition state. In the class II aaRS, two highly conserved carboxylate residues have been shown to participate with Mg(2+) ions in binding and coordination. It is shown here that these carboxylate residues are absolutely required for the activity of Saccharomyces cerevisiae aspartyl-tRNA synthetase. Mutants of these residues exhibit pleiotropic effects on the kinetic parameters suggesting an effect at an early stage of the aminoacylation reaction, such as the binding of ATP, Mg(2+), aspartic acid, or the amino acid activation. Despite genetic selections in an APS-knockout yeast strain, we were unable to select a single active mutant of these carboxylate residues. Nevertheless, we isolated an intragenic suppressor from a combinatorial library. The active mutant showed a second substitution close to the first one, and exhibited a significant increase of the tRNA aminoacylation rate. Structural analysis suggests that the acceptor stem of the tRNA might be repositioned to give a more productive enzyme:tRNA complex. Thus, the initial defect of the activation reaction was compensated by a significant increase of the aminoacylation rate that led to cellular complementation.